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FIG. 6

SUBCARRIER | TRANSMISSION CAPACITY

NUMBER (NUMBER OF BITS)
#1 6
#2 6
#3 4

#n 2
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FIG. 7
SUBCARRIER TRANSMISSION
NUMBER TARGET
#1 USER DATA

#2 FEC
#3 USER DATA
#n USER DATA

US 9,184,867 B2



U.S. Patent

FIG. 8

Nov. 10, 2015

Sheet 8 of 18
|
|
|
|
|
Ve
7 <
- ©
7 (@p]
s
Ve
Ve -
-
1 -
_
-~
<C
|_
<C
) .
o
rd —
s Ll
- ©
7
/ (@p]
e —
-
-
-
-
-
-
)
©
~ =< — &
~ T -
Ny —
~
~
—— \_
~
w N —
N o
\ o
~ |3

US 9,184,867 B2

2(bit)

4(bit)

4(bit)

6(bit)



U.S. Patent

FIG. 9

Nov. 10, 2015

Sheet 9 of 18

FEC

L Sb@3) | -

Sb(2)

Sb(1)

2(bit)

5(bit)

8(bit)

6(bit)

US 9,184,867 B2



US 9,184,867 B2

Sheet 10 of 18

Nov. 10, 2015

U.S. Patent

301A30d TOYLNOD NOISSINSNVHL

iy~ LINN ONISSID08d NOILVIINTANCD
A A
1IN TANSY3N [ NOITRYOAN NOILVAOIN NOILVIVH0:N INGANDISSY
SOILSIFALIYVH) > SOLLSRALOVHYHO | [NOILOFTES Ev0ENS| | ALIOYdYD NOISSINSNWAIL
NOISSIRSNYAL NOISSTASNYEL | 7= Vi
= . ey LINN FOVH0LS
o v ‘ ‘
NOLO3S | P98 | yopjo3g NOILO3S
3 L 2 S{NOSEN0| | houvindoiea) || L _
e = oS [gEs] OOF K 0038 G| 7
= = - s —> = £
< S = Ar0v azoy aLoy =
4 i nowoas | Bs | wogzs | | Nowwods S
= L S OGN | hovinonea) | LTS
S S s 193 194 g
= = = ks —> = =
901 101 EYOv eZ0V ELOV 00y
\
\4 ot .
p 0l 9Ol

84

1INN
NOISYIANOD e—
30 0
\
\y



U.S. Patent

Nov. 10, 2015 Sheet 11 0f 18

FIG. 11
SUBCARRIER
NUMBER BER
#1 10E-15
# 10E-15
#3 10E-14

#n 10E-7
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FIG. 13
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TRANSMIT MEASUREMENT SIGNAL

I~ St1

Y

MEASURE TRANSMISSION CHARACTERISTICS

~ St2

Y

GENERATE TRANSMISSION
CHARACTERISTIC INFORMATION

~ St3

Y

ASSIGN TRANSMISSION CAPACITIES
TO SUBCARRIERS

~~ Std

v

GENERATE TRANSMISSION CAPACITY
ASSIGNMENT INFORMATION

~~ 5tb

Y

SELECT SUBCARRIERS TRANSMITTING FEC

~ St6

v

GENERATE SUBCARRIER
SELECTION INFORMATION

~ St7

Y

SET TRANSMISSION CAPACITY ASSIGNMENT
INFORMATION AND SUBCARRIER SELECTION
INFORMATION IN TRANSMISSION DEVICE

I~ St8

v

START TRANSMISSION PROCESSING

~ St9

END
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FIG. 14
START
St21
_
SELECT ONE OR MORE
SUBCARRIERS
St22
Y ~
CALCULATER=Q-L
/St23
Y
< R < Ro? NO
YES St24
. NO
< SUBCARRIERS SELECTED? >——
YES St25
/
SELECT ONE OR MORE SUBCARRIERS
FOR WHICH R IS MINIMUM,
FROM ALL CALCULATION RESULTS
OF R AND DETERMINE SELECTION
St26
Y ~
DETERMINE SELECTION
OF SUBCARRIERS

END
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FIG. 15

TOTAL OF TRANSMISSION CAPACITIES
OF SELECTED SUBCARRIERS
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FIG. 16
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_
SELECT ONE OR MORE
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FIG. 18

TRANSMIT MEASUREMENT SIGNAL ~ St41

Y

MEASURE TRANSMISSION CHARACTERISTICS [~ St42

Y

GENERATE TRANSMISSION | St43
CHARACTERISTICS INFORMATION

Y

DETERMINE REDUNDANCY OF FEC ~ Std4

Y

GENERATE REDUNDANCY INFORMATION [~ St45

v

ASSIGN TRANSMISSION CAPACITIES |~ g
TO EACH SUBCARRIERS

Y

GENERATE TRANSMISSION CAPACITY I~ St47
ASSIGNMENT INFORMATION

Y

SELECT SUBCARRIERS TRANSMITTING FEC [~ St48

v

GENERATE SUBCARRIER I~ St49
SELECTION INFORMATION

v

SET TRANSMISSION CAPACITY ASSIGNMENT
TABLE, SUBCARRIER SELECTION INFORMATION, [~ St50
AND REDUNDANCY INFORMATION

IN TRANSMISSION DEVICE

v

START TRANSMISSION PROCESSING ~ St51

END
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TRANSMISSION CONTROL DEVICE,
TRANSMISSION SYSTEM, AND
TRANSMISSION METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2012-
261905, filed on Nov. 30, 2012, the entire contents of which
are incorporated herein by reference.

FIELD

The embodiments discussed herein are related to a trans-
mission control device, a transmission system, and a trans-
mission method.

BACKGROUND

With a growing demand for communication, optical net-
works utilizing a wavelength division multiplexing (WDM)
technology have become widespread. The WDM technology
is a technology in which multiple optical signals each of
which has a different wavelength are multiplexed and trans-
mitted. With the WDM technology, for example, multiplex-
ing is performed on optical signals of a transmission rate 0f 40
Gbpsx40 waves, so that a multi-wavelength optical signal of
1.6 Tbps is able to be transmitted.

Examples of a way for error correction in a WDM trans-
mission system include forward error correction (FEC). The
FEC exhibits an error correction capability that is in accor-
dance with the redundancy and the code modulation scheme.

As regards the FEC, for example, Japanese Laid-open
Patent Publication No. 2003-229815 discloses a WDM trans-
mission system in which FEC data is assigned to wavelength
light that is different from that to which main signal data is
assigned, and the FEC data is transmitted as an independent
signal. With the WDM transmission system, FEC data is not
appended to the end of the main signal data. For this reason,
it is pointed out that the transmission speed is reduced and the
cost of the system is also reduced. Moreover, the WDM
transmission system makes it possible to draw a clear distinc-
tion between the main signal and the FEC signal. This facili-
tates the error correction process.

In the WDM transmission system, however, while the
transmission capacities of wavelength light are fixed to the
same, the amount of FEC data is determined in accordance
with the code modulation scheme of FEC and the amount of
the main signal data, independently of the transmission
capacities of wavelength light. The transmission capacity of
the wavelength light assigned to the FEC data is sometimes
left over. Accordingly, the above WDM transmission system
has a problem in that the transmission efficiency is low.

SUMMARY

According to an aspect of the invention, a transmission
control device includes a subcarrier selector configured to
select one or more subcarriers for transmitting an error cor-
rection code for correcting data, from a plurality of subcarri-
ers having different transmission capacities, each of the plu-
rality of subcarriers used for transmitting either of the data
and the error correction code, in accordance with an amount
of data of the error correction code and transmission capaci-
ties respectively assigned to the plurality of subcarriers.
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2

The object and advantages of the invention will be realized
and attained by the elements and combinations particularly
pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating a configuration of a
transmission system according to an embodiment;

FIG. 2 is a graph illustrating the spectrum for every fre-
quency of a subcarrier;

FIG. 3 is a graph illustrating transmission capacities (the
number of bits) assigned to individual subcarriers (frequen-
cies);

FIG. 4 illustrates example signals transmitted on subcarri-
ers;

FIG. 5 is a block diagram illustrating a functional configu-
ration of a sending unit of a transmission device;

FIG. 6 illustrates example transmission capacity assign-
ment information;

FIG. 7 illustrates example subcarrier selection informa-
tion;

FIG. 8 illustrates a data dividing method to be performed
by a first serial-to-parallel conversion section;

FIG. 9 illustrates an FEC dividing method performed by a
second serial-to-parallel conversion section;

FIG. 10 is a block diagram illustrating a functional con-
figuration of a receiving unit of the transmission device;

FIG. 11 is a table illustrating example transmission char-
acteristics information;

FIG. 12 is a block diagram illustrating a functional con-
figuration of a transmission control device according to the
embodiment;

FIG. 13 illustrates the flow of a transmission method
according to the embodiment;

FIG. 14 illustrates the flow of an example of processing of
a subcarrier selection section;

FIG. 15 illustrates the remainder of the transmission
capacities that occurs when an FEC code is transmitted;

FIG. 16 illustrates the flow of another example of process-
ing of the subcarrier selection section;

FIG. 17 is a block diagram illustrating a functional con-
figuration of a transmission control device according to
another embodiment; and

FIG. 18 illustrates the flow of a transmission method
according to another embodiment.

DESCRIPTION OF EMBODIMENTS

FIG. 1 is a block diagram illustrating a configuration of a
transmission system according to an embodiment. The trans-
mission system includes a transmission control device 1 and
a pair of transmission devices 2a and 2b. The pair of trans-
mission devices 2a and 25 each include a sending unit 3 that
sends signals, and a receiving unit 4 that receives signals. The
sending unit 3 of one transmission device 2a or 25 is con-
nected through an individual optical fiber 9 to the receiving
unit 4 of the other transmission device 26 or 2a. This allows
the pair of transmission devices 2a and 25 to transmit optical
signals to each other.

Also, the pair of transmission devices 2a and 2b are con-
nected to external networks 6a and 65, respectively. Taking
the example of an access-type transmission system, one of the
networks 6a and 65 is a local area network (LAN) in the home
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of the user or in an office, and the other is a trunk system
network. The sending units 3 send signals received from the
network 6a and 65 to the receiving units 4. In contrast, the
receiving units 4 send signals received from the sending units
3 to the network 6a and 65.

The transmission control device 1 is connected to the trans-
mission devices 2a and 2b, and controls the transmission
devices 2a and 26 by communicating with the transmission
devices 2a and 2b. The transmission control device 1 is a
network management device, for example, and is connected
through a monitoring control LAN or the like to the transmis-
sion devices 2a and 2b. In this case, the transmission control
device 1 and the transmission devices 2a and 25 may com-
municate, for example, using a simple network management
protocol (SNMP).

The transmission devices 2a and 2b use a multicarrier
transmission scheme in which data signals are superimposed
on a plurality of subcarriers (carrier waves) and transmitted in
parallel. In this embodiment, examples of a modulation
scheme used for the multi carrier transmission scheme
include, but are not limited to, a discrete multi-tone (DMT)
scheme. One of other modulation schemes is orthogonal fre-
quency division multiplexing (OFDM), which is the base for
the DMT scheme.

FIG. 2 is a graph illustrating the spectrum for every fre-
quency of a subcarrier. In FIG. 2, the horizontal axis repre-
sents the frequency and the vertical axis represents the
strength. The transmission devices 2a and 256 transmit signals
of frequencies obtained by dividing a predetermined fre-
quency band (for example, 10 GHz) into n (n being a natural
number, for example, 255) frequencies f1 to fn (GHz) at
regular frequency intervals, as subcarriers #1 to #n. Note that
#1 to #n represent subcarrier numbers for identifying the
individual subcarriers.

Individual transmission capacities are assigned to the sub-
carriers #1 to #n. FIG. 3 is a graph illustrating transmission
capacities (the number of bits) assigned to individual subcar-
riers (frequencies). In FIG. 3, the horizontal axis represents
the frequency and the vertical axis represents the transmission
capacity. The curve indicated by a dotted line represents the
transmission characteristics relative to the frequencies, that
is, subcarriers, and indicates that the larger the value of the
vertical axis, the better the characteristics.

For the subcarriers #1 to #n, the better the transmission
characteristics, the larger the transmission capacity assigned
to the subcarrier. Conversely, the poorer the transmission
characteristics, the smaller the transmission capacity
assigned to the subcarrier. The transmission capacity is the
number of bits (the amount of data) with which modulation is
performed in one modulation processing in the sending unit 3
of'the transmission device 2a or 25. Accordingly, assignment
of transmission capacities to the subcarriers #1 to #n deter-
mines individual modulation methods supporting the subcar-
riers #1 to #n. As such, assignment of transmission capacities
depending on the transmission characteristics of the subcar-
riers #1 to #n may lead to improvement in transmission effi-
ciency.

FIG. 4 illustrates example signals transmitted on subcarri-
ers #1 to #n. By using the subcarriers #1 to #n, user data and
an FEC code, which is an error correction code for correcting
the user data, are separately transmitted. Note that, in this
embodiment, examples of the error correction code include,
but are not limited to, an FEC code.

Inthe example of FIG. 4, the FEC code is transmitted on the
subcarrier #2, and the user data are transmitted on other
subcarriers #1, and #3 to #n. The user data transmitted on the
subcarriers #1, and #3 to #n are, for example, data contained
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4

in a main signal and an operation, administration, and main-
tenance (OAM) signal, and so forth. The amounts of user data
to be transmitted difter depending on the transmission capaci-
ties of the subcarriers #1, and #3 to #n.

As such, the user data and the error correction code are
superimposed and transmitted on subcarriers different from
each other. This makes it possible to draw a clear distinction
between the user data and the error correction code, thereby
facilitating the error correction process. The subcarriers on
which the user data and the error correction code are to be
transmitted are selected by the transmission control device 1.
Note that although the number of subcarriers for transmitting
the FEC code is one in this embodiment, a plurality of sub-
carriers may be used.

FIG. 5 is a block diagram illustrating a functional configu-
ration of the sending unit 3 of the transmission device 2a or
2b. The sending unit 3 includes a signal processing unit 30, an
electrical-to-optical (E/O) conversion unit 31, a storage unit
32, and a communication processing unit 33.

The signal processing unit 30 processes a data signal S
received from the external network 6a or 65 so as to generate
an electrical, modulated signal Fe that is superimposed,
together with an FEC signal containing an FEC code, on the
plurality of subcarriers #1 to #n. The electrical-to-optical
conversion unit 31 includes a laser diode, for example, and
converts the modulated signal Fe generated by the signal
processing unit 30 into an optical signals Fo and outputs the
optical signal Fo to the optical fiber 9.

The communication processing unit 33 processes commu-
nication with the transmission control device 1. The storage
unit 32 is a storing unit such as a memory. The communica-
tion processing unit 33 stores transmission capacity assign-
ment information 71 and subcarrier selection information 72,
which have been received from the transmission control
device 1, in the storage unit 32. The communication process-
ing unit 33 processes direction signals from the transmission
control device 1 to the signal processing unit 30.

The signal processing unit 30 reads the transmission capac-
ity assignment information 71 and the subcarrier selection
information 72 from the storage unit 32, and performs pro-
cessing on the basis of the transmission capacity assignment
information 71 and the subcarrier selection information 72.
FIG. 6 illustrates an example of the transmission capacity
assignment information 71. The transmission capacity
assignment information 71 indicates transmission capacities
(the numbers of bits) for the subcarriers #1 to #n.

Also, FIG. 7 illustrates an example of the subcarrier selec-
tion information 72. The subcarrier selection information 72
indicates transmission targets corresponding to the subcarri-
ers #1 to #n, respectively. That is, the subcarrier selection
information 72 indicates, for each of the subcarriers #1 to #n,
which of the user data and the FEC code is to be transmitted.

The signal processing unit 30 is, for example, an arithmetic
processing unit such as a digital signal processor (DSP). The
signal processing unit 30 includes an error correction genera-
tion section 300, first and second serial-to-parallel (S/P) con-
version sections 301a and 3015, and first and second modu-
lation sections 303a and 3035. The signal processing unit 30
further includes first and second inverse fast Fourier trans-
form (IFFT) sections 304a and 3045, and a combining section
305.

The first serial-to-parallel conversion section 3014, the first
modulation section 303a, and the first inverse fast Fourier
transform section 304a convert the data signal S into a first
time signal fa. In contrast, the second serial-to-parallel con-
version section 3015, the second modulation section 3035,
and the second inverse fast Fourier transform section 3045
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convert an FEC signal C, which has been generated from the
data signal S, into a second time signal fb. Details of the
conversion will be described hereinafter.

The data signal S is branched and input to the error correc-
tion code generation section 300 and the first serial-to-paral-
lel conversion section 301a. The first serial-to-parallel con-
version section 301a performs serial-to-parallel conversion
on the data signal S, and divides the data signal S into signals
that correspond to user data to be superimposed on the sub-
carriers #1 to #n, respectively.

FIG. 8 illustrates a data dividing method performed by the
first serial-to-parallel conversion section 301a. The first
serial-to-parallel conversion section 301a generates data sig-
nals Sa (1) to (j) (j being a natural number), which correspond
to the subcarriers #1 to #n, respectively, on the basis of the
transmission capacity assignment information 71 and the
subcarrier selection information 72 from the data signal S
input serially. Here, j is the number of subcarriers on which
user data is to be transmitted, among a plurality of subcarriers
#1 to #n.

More particularly, the first serial-to-parallel conversion
section 301a determines subcarriers for transmitting user
data, from the subcarrier selection information 72, and
acquires the transmission capacities of the determined sub-
carriers from the transmission capacity assignment informa-
tion 71, and then generates the data signals Sa (1) to (j). In the
examples of F1G. 6 and FIG. 7, the numbers of bits of the data
signals Sa (1) to (j) (j=n-1 in this example) match the trans-
mission capacities of the subcarriers #1 and #3 to #n), respec-
tively.

The first serial-to-parallel conversion section 301a outputs
the data signals Sa (1) to (j) to the first modulation section
303a. The first modulation section 3034 modulates the data
signals Sa (1) to (j) using modulation methods depending on
the respective numbers of bits. The modulation method is
16-quadrature amplitude modulation (QAM) when the num-
ber of bits is four, and the modulation method is 4-QAM when
the number of bits is two, for example.

That is, the transmission capacity of each subcarrier is the
number of bits (the amount of data) with which modulation is
performed in one modulation processing by the first modula-
tion section 303a, and the data signals Sa (1) to (j) are modu-
lated using modulation methods depending on the numbers of
bits. Note that examples of the modulation method are not
limited to the above QAM, but may include other methods
such as phase-shift keying (PSK).

The first modulation section 3034 determines subcarriers
for transmitting user data, from the subcarrier selection infor-
mation 72, and performs modulation. The first modulation
section 303a outputs the modulated data signals Sa (1) to (j)
to the first inverse fast Fourier transform section 304aq.

The first inverse fast Fourier transform section 3044 per-
forms inverse fast Fourier transformation of the modulated
data signals Sa (1) to (j). This causes the data signals Sa (1) to
(j) on the axis in the complex plane to be transformed into the
first time signal fa on the time axis. At this point, the first
inverse fast Fourier transform section 304a determines sub-
carriers for transmitting user data, from the subcarrier selec-
tion information 72, and performs transformations using fre-
quencies corresponding to the determined subcarriers. The
first time signal fa is input to the combining section 305.

In contrast, the error correction code generation section
300 generates an FEC code, which is an error correction code
for correcting user data contained in the data signal S. The
error correction code generation section 300 outputs the gen-
erated FEC code as the FEC signal C to the second serial-to-
parallel conversion section 3015.
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The second serial-to-parallel conversion section 3015 per-
forms serial-to-parallel conversion on the FEC signal C, and
divides the FEC signal C into signals that correspond to data
to be superimposed on the subcarriers #1 to #n, respectively,
in a similar way to that of the first serial-to-parallel conversion
section 301a.

FIG. 9 illustrates a data dividing method performed by the
second serial-to-parallel conversion section 3015. The sec-
ond serial-to-parallel conversion section 3015 generates code
signals Sb (1) to (k) (k being a natural number), which cor-
respond to the subcarriers, respectively, on the basis of the
transmission capacity assignment information 71 and the
subcarrier selection information 72 from the FEC signal C
input serially. Here, k is the number of subcarriers on which
an FEC code is to be transmitted, among a plurality of sub-
carriers #1 to #n.

More particularly, the second serial-to-parallel conversion
section 3015 determines subcarriers for transmitting an FEC
code, from the subcarrier selection information 72, and
acquires the transmission capacities of the determined sub-
carriers from the transmission capacity assignment informa-
tion 71, and then generates the code signals Sb (1) to (k). Note
that, in FI1G. 9, as different from in the examples of FIG. 6 and
FIG. 7, the case where a plurality of subcarriers are selected as
subcarriers for transmitting an FEC code is illustrated. In
contrast, in the case where a single subcarrier is selected as in
the example of FIG. 6 and F1G. 7, the second serial-to-parallel
conversion section 3015 generates a single code signal Sb (1).

The second serial-to-parallel conversion section 3015 out-
puts the code signals Sb (1) to (k) to the second modulation
section 3035. The second modulation section 3035 deter-
mines subcarriers for transmitting the FEC code from the
subcarrier selection information 72, and modulates the code
signals Sb (1) to (k) using modulation methods depending on
the respective numbers of bits, as in the first modulation
section 303a. The second modulation section 30354 outputs
the modulated code signals Sb (1) to (k) to the second inverse
fast Fourier transform section 3046.

The second inverse fast Fourier transform section 3044
performs inverse fast Fourier transformations of the modu-
lated code signals Sb (1) to (k) on the basis of the subcarrier
selection information 72, as in the first inverse fast Fourier
transform section 304a. This causes the code signals Sb (1) to
(k) on the axis in the complex plane to be transformed into the
second time signal fb on the time axis. At this point, the
second inverse fast Fourier transform section 3045 deter-
mines subcarriers for transmitting the FEC code, from the
subcarrier selection information 72, and performs transfor-
mations using frequencies corresponding to the determined
subcarriers. The second time signal fb is input to the combin-
ing section 305.

The combining section 305 combines together the first and
second time signals fa and fb input from the first and second
inverse fast Fourier transform sections 304a and 3045,
respectively. The combining section 305 performs a combin-
ing process by performing frequency modulation based on
the subcarrier selection information 72. Thereby, the data
signal S and the FEC signal C are superimposed on time
signals corresponding to the subcarriers #1 to #n. The modu-
lated signal Fe obtained by the combining process is con-
verted into the optical signal Fo by the electrical-to-optical
conversion unit 31 and is output to the optical fiber 9, and then
is received by the receiving unit 4 of the opposing transmis-
sion device 2a or 2b.

FIG. 10 is a block diagram illustrating a functional con-
figuration of the receiving unit 4 of the transmission device 2a
or 2b. The receiving unit 4 includes a signal processing unit
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40, an optical-to-electrical (O/E) conversion unit 41, a trans-
mission characteristics measurement unit 42, a storage unit
43, and a communication processing unit 44.

The optical-to-electrical conversion unit 41 includes a pho-
todiode, for example, and converts the optical signal Fo,
which has been input through the optical fiber 9, into the
electrical, modulated signal Fe and outputs the modulated
signal Fe to the signal processing unit 40. The signal process-
ing unit 40 processes the modulated signal Fe to generate the
original data signal S. The generated data signal S is sent to
the external network 6a or 6b.

The communication processing unit 44 processes commu-
nication with the transmission control device 1. The storage
unit 43 is a storing unit such as a memory. The communica-
tion processing unit 44 stores the transmission capacity
assignment information 71 and the subcarrier selection infor-
mation 72, which have been received from the transmission
control device 1, and transmission characteristics informa-
tion 70, which has been input from the transmission charac-
teristics measurement unit 42, in the storage unit 43. The
communication processing unit 43 processes direction sig-
nals from the transmission control device 1 to the signal
processing unit 40, and so forth. Note that, instead of the
communication processing unit 44, the communication pro-
cessing unit 33 of the sending unit 3 provided in the same
transmission device 2a or 25 may be used.

The signal processing unit 40 reads the transmission capac-
ity assignment information 71 and the subcarrier selection
information 72 from the storage unit 43, and performs pro-
cessing on the basis of the transmission capacity assignment
information 71 and the subcarrier selection information 72.
The transmission capacity assignment information 71 and the
subcarrier selection information 72 are as described with
reference to FIG. 6 and FIG. 7.

The signal processing unit 40 is an arithmetic processing
unit such as a DSP, for example. The signal processing unit 40
includes a separation section 400, first and second fast Fourier
transform (FFT) sections 401a and 4015, and first and second
demodulation sections 402a and 40254. The signal processing
unit 40 further includes first and second parallel-to-serial
(P/S) conversion sections 404a and 4045, a skew adjustment
section 405, and an error correction section 406.

The separation section 400 separates the modulated signal
Fe into the first and second time signals fa and fb by perform-
ing filtering of frequency components on the basis of the
subcarrier selection information 72. The first and second time
signals fa and fb are input to the first and second fast Fourier
transform sections 401a and 4015, respectively.

The first fast Fourier transform section 401a, the first
demodulation section 402q, and the first parallel-to-serial
conversion section 404a convert the first time signal fa into
the data signal S. In contrast, the second fast Fourier trans-
form section 4015, the second demodulation section 4025,
and the second parallel-to-serial conversion section 4045
convert the second time signal fb to the FEC signal C. Details
of the conversion will be described hereinafter.

The first fast Fourier transform section 4014 transforms the
first time signal fa on the time axis into the data signals Sa (1)
to (j) on the axis in the complex plane by performing a fast
Fourier transformation. At this point, the first fast Fourier
transform section 401a determines subcarriers for transmit-
ting user data, from the subcarrier selection information 72,
and performs conversion using frequencies corresponding to
the determined subcarriers. The data signals Sa (1) to (j) are
input to the first demodulation section 402a.

The first demodulation section 402a demodulates each of
the data signals Sa (1) to (j) on the basis of the transmission
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capacity assignment information 71 and the subcarrier selec-
tion information 72. The first demodulation section 402a
determines subcarriers for transmitting user data, from the
subcarrier selection information 72, and acquires the trans-
mission capacities of the determined subcarriers from the
transmission capacity assignment information 71. Then, the
first demodulation section 402a demodulates the data signals
Sa (1) to (j) using demodulation methods depending on the
respective numbers of bits. The demodulated data signals Sa
(1) to (j) are input to the first parallel-to-serial conversion
section 404aq.

The first parallel-to-serial conversion section 404a devel-
ops the demodulated data signals Sa (1) to (j) depending on
the respective numbers of bits on the basis of the transmission
capacity assignment information 71 and the subcarrier selec-
tion information 72, thereby generating the data signal S. The
data signal S is input to the skew adjustment section 405.

In contrast, the second fast Fourier transform section 4015
transforms the second time signal fb on the time axis into the
code signals Sb (1) to (k) on the axis in the complex plane by
performing a fast Fourier transformation. At this point, the
second fast Fourier transform section 4015 determines sub-
carriers for transmitting the FEC code from the subcarrier
selection information 72, and performs conversion using fre-
quencies corresponding to the determined subcarriers. The
code signals Sb (1) to (k) are input to the second demodula-
tion section 4025. Note that, in the case where the FEC code
is transmitted by using a single subcarrier, a single code signal
Sb (1) is input.

Like the first demodulation section 401a, the second
demodulation section 4026 demodulates each of the code
signals Sb (1) to (k) on the basis of the transmission capacity
assignment information 71 and the subcarrier selection infor-
mation 72. Like the first parallel-to-serial conversion section
404aq, the second parallel-to-serial conversion section 4045
develops the demodulated data signals Sb (1) to (k) depend-
ing on the respective numbers of bits on the basis of the
transmission capacity assignment information 71 and the
subcarrier selection information 72, thereby generating the
FEC signal C. The FEC signal C is input to the skew adjust-
ment section 405.

The skew adjustment section 405 adjust the skew between
the data signal S input from the first parallel-to-serial conver-
sion section 404a and the FEC signal C input from the second
parallel-to-serial conversion section 4045. The data signal S
and the FEC signal C between which the skew has been
adjusted are input to the error correction section 406.

The error correction section 406 corrects errors of data on
the data signal S using the FEC code contained in the FEC
signal C. At this time, the number of bits that are able to be
corrected is determined depending on the redundancy of the
FEC code. In this embodiment, the FEC code is processed as
an FEC signal different from the data signal S containing user
data, and therefore is clearly distinguished from the user data.
This facilitates the error correction process. Note that the
corrected data signal S is sent to the external network 6a or 65.

The transmission characteristics measurement unit 42
acquires the data signal S before error correction from the
error correction section 406 and measures the transmission
characteristics. Examples of the transmission characteristics
to be measured include, but are not limited to, a bit error rate
(BER). The data of the data signal S for use in measurement
may be random pattern data such as a psedorandom binary
sequence (PRBS), for example. Note that the data signal S for
use in measurement will be referred to as a “measurement
signal” hereinafter.
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The transmission characteristics are measured for each
subcarrier on the basis of a direction from the transmission
control device 1, for example, at the time of start-up of the
transmission system. The transmission characteristics mea-
surement unit 42 generates the transmission characteristics
information 70 indicating the measured transmission charac-
teristics and stores the transmission characteristics informa-
tion 70 in the storage unit 43.

FIG. 11 is a table illustrating an example of the transmis-
sion characteristics information 70. The transmission charac-
teristics information 70 lists the numerical values of bit error
rates of the subcarriers #1 to #n. The transmission character-
istics information 70 is used for processing of generating the
transmission capacity assignment information 71 in the trans-
mission control device 1. The communication processing unit
44 reads the transmission characteristics information 70 in
the storage unit 43 and sends the read transmission charac-
teristics information 70 to the transmission control device 1.

FIG. 12 is a block diagram illustrating a functional con-
figuration of the transmission control device 1 according to
the embodiment. The transmission control device 1 includes
a transmission capacity assignment section 10, a subcarrier
selection section 11, a storage unit 12, a communication
processing unit 13, and a signal control section 15. Here, the
transmission capacity assignment section 10, the subcarrier
selection section 11, the signal control section 15, and the
communication processing unit 13 correspond to an arith-
metic processing unit such as a central processing unit (CPU),
and the storage unit 12 is a storing unit such as a memory.

The communication processing unit 13 processes commu-
nication with the transmission device 2a or 2b. The commu-
nication processing unit 13 receives the transmission charac-
teristics information 70 from the transmission device 2a or 2b
and stores the transmission characteristics information 70 in
the storage unit 12.

The transmission capacity assignment section 10 respec-
tively assigns transmission capacities to the plurality of sub-
carriers #1 to #n for separately transmitting user data and an
FEC code, which is an error correction code for correcting the
user data. As mentioned with reference to FIG. 3, the trans-
mission capacity assignment section 10 assigns transmission
capacities to the plurality of subcarriers #1 to #n depending on
the transmission characteristics of the plurality of subcarriers
#1 to #n, respectively. The transmission characteristics are
obtained from the transmission characteristics information 70
in the storage unit 12. The transmission capacity assignment
section 10 generates the transmission capacity assignment
information 71 on the basis of the result of the assignment and
stores the transmission capacity assignment information 71 in
the storage unit 12.

The subcarrier selection section 11 selects one or more
subcarriers for transmitting an FEC code from the plurality of
subcarriers #1 to #n in accordance with the amount (length) of
data ofthe FEC code and the transmission capacities assigned
to the plurality of subcarriers #1 to #n by the transmission
capacity assignment section 10. In this way, subcarriers are
selected so that the unassigned portion of the transmission
capacities is as small as possible, depending on the amount of
data of the FEC code. This improves the transmission effi-
ciency. The subcarrier selection section 11 generates the sub-
carrier selection information 72 on the basis of the result of
selection, and stores the subcarrier selection information 72
in the storage unit 12. Note that, it is assumed in this embodi-
ment that the amount of data of the FEC code has a deter-
mined value.

The communication processing unit 13 reads the transmis-
sion capacity assignment information 71 and the subcarrier
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selection information 72 in the storage unit 12 and sends them
to the transmission device 2a or 2b. Thus, the transmission
control device 1 sets the transmission capacity assignment
information 71 and the subcarrier selection information 72 to
the transmission device 2a or 2b.

Also, the signal control section 15 communicates through
the communication processing unit 13 with the transmission
device 2a or 2b. The signal control section 15 directs the
transmission device 2a or 2b to perform measurement of
transmission characteristics and start transmission process-
ing.

FIG. 13 illustrates the flow of a transmission method
according to this embodiment. First, following a direction
from the signal control section 15, the transmission device 2a
or 2b transmits a measurement signal for measurement of
transmission characteristics (Stl). Note that, in the measure-
ment, the transmission capacities assigned to subcarriers
might be fixed.

Then, the transmission characteristics measurement unit
42 measures transmission characteristics on the basis of the
measurement signal (St2). Then, the transmission character-
istics measurement unit 42 generates the transmission char-
acteristics information 70 in accordance with the measure-
ment result (St3). The generated transmission characteristics
information 70 is transmitted to the transmission control
device 1 by the communication processing unit 44.

Then, the transmission capacity assignment section 10
respectively assigns transmission capacities to the plurality of
subcarriers #1 to #n for separately transmitting user data and
an FEC code, which is an error correction code for correcting
the user data (St4). The transmission capacities are assigned
onthe basis of the transmission characteristics information 70
as described above. Then, the transmission capacity assign-
ment section 10 generates the transmission capacity assign-
ment information 71 on the basis of the assignment result
(St5). The generated transmission capacity assignment infor-
mation 71 is stored in the storage unit 12.

Then, the subcarrier selection section 11 selects one or
more subcarriers for transmitting the FEC code, from the
plurality of subcarriers #1 to #n, in accordance with the
amount of data of the FEC code and the transmission capaci-
ties respectively assigned to the plurality of subcarriers #1 to
#n (St6). The selection methods will be described later with
reference to FIG. 14 to FIG. 16. Then, the subcarrier selection
section 11 generates the subcarrier selection information 72
based on the selection result (St7). The generated subcarrier
selection information 72 is stored in the storage unit 12.

Then, the communication processing unit 13 sends and sets
the transmission capacity assignment information 71 and the
subcarrier selection information 72 in the storage unit 12 to
the transmission device 2a or 25 (St8). Then, the signal con-
trol section 15 directs the transmission device 2a or 25 to start
transmission processing (St9). Thus, the transmission device
2a or 2b superimposes and transmits the user data and the
FEC code on the plurality of subcarriers #1 to #n in accor-
dance with the assignment contents indicated by the trans-
mission capacity assignment information 71 and the selection
contents indicated by the subcarrier selection information 72.

FIG. 14 illustrates the flow of an example of processing
(St7 mentioned above) of the subcarrier selection section 11.
First, the subcarrier selection section 11 selects one or more
subcarriers (St21).

R=0Q-L M

Then, according to the above equation (1), the subcarrier
selection section 11 calculates the remainder R of the trans-
mission capacities that occurs when the FEC code is trans-
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mitted, for the selected one or more subcarriers (St 22). Here,
anumerical value Q is the total sum of transmission capacities
of the selected subcarriers acquired from the transmission
capacity assignment information 71, and a numerical value L
is the amount of data of the FEC code.

FIG. 15 illustrates the remainder R of the transmission
capacities that occurs when the FEC code is transmitted.
When the FEC code is transmitted by using one or more
subcarriers, the remainder R of the transmission capacities is
obtained by equation (1).

Then, the subcarrier selection section 11 compares the
remainder R calculated in St22 with a given value Ro (St23).
If the result of comparison is that the remainder R<Ro (YES
in St23), the subcarrier selecting section 11 determines selec-
tion of one or more subcarriers as subcarriers for transmitting
the FEC code (St26). At this point, other subcarriers are
selected as subcarriers for transmitting the user data. After the
processing of St26, the subcarrier selection section 11 com-
pletes the process.

In this way, the subcarrier selection section 11 selects sub-
carriers for which the remainder R of transmission capacities
is smaller than the given value Ro, among the plurality of
subcarriers #1 to #n. Accordingly, it is possible for the sub-
carrier selection section 11 to select subcarriers for transmit-
ting the FEC code in a short period of time without calculating
the remainder R of the transmission capacities for all the
subcarriers #1 to #n.

Otherwise, if the result of comparison in St23 is that the
remainder R>=Ro (NO in St23), the subcarrier selection sec-
tion 11 determines whether the subcarriers used for transmis-
sion (including all the combinations of one or more subcar-
riers) have been selected (St24). If the result of determination
is that all the subcarriers have not been selected (NO in St24),
the subcarrier selection section 11 performs again the pro-
cessing of St21. At this point, the subcarrier selection section
11 selects one or more subcarriers that have not yet been
selected.

Otherwise, if the result of determination is that all the
subcarriers have been selected (YES in St24), the subcarrier
selection section 11 selects one or more subcarriers for which
the remainder R of the transmission capacities is minimized,
as subcarriers for transmitting the FEC code, from all the
previous calculation results of the remainder R, and deter-
mines the selection (St25). At this point, other subcarriers are
selected as subcarriers for transmitting the user data. After the
processing of St25, the subcarrier selection section 11 com-
pletes the process.

As such, if subcarriers for which the remainder R of the
transmission capacities is smaller than the given value Ro
when the FEC code is transmitted do not exist, the subcarrier
selection unit 11 selects subcarriers for which the remainder
R of the transmission capacities is minimized, among the
plurality of subcarriers #1 to #n. Accordingly, the subcarrier
selection section 11 may select subcarriers even if appropriate
subcarriers that can realize R<RO0 do not exist. Minimization
of the remainder R causes transmission capacities increase
and more efficiently transmission is achieved.

In such a way, the subcarrier selection section 11 selects
subcarriers for transmitting the FEC code from the plurality
of subcarriers #1 to #n. In the example of FIG. 14, if appro-
priate subcarriers do not exist, the subcarrier selection section
11 selects subcarriers for which the remainder R of the trans-
mission capacities is minimized. However, the subcarrier
selection section 11 may select subcarriers for which the
remainder R of the transmission capacities is minimized,
regardless of the presence or absence of appropriate subcar-
riers.
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FIG. 16 illustrates the flow of another example of the
processing of the subcarrier selection section 11. First, the
subcarrier selection section 11 selects one or more subcarriers
(St31).

Then, as in the processing of St22, according to the above
equation (1), the subcarrier selection section 11 calculates the
remainder R of the transmission capacities that occurs when
the FEC code is transmitted, for the selected one or more
subcarriers (St 32). Then, the subcarrier selection section 11
determines whether all the subcarriers (including all the com-
binations of one or more subcarriers) have been selected
(St33).

If'the result of determination is that all the subcarriers have
not been selected (NO in St33), the subcarrier selection sec-
tion 11 performs again the processing of St31. At this point,
the subcarrier selection section 11 selects one or more sub-
carriers that have not yet been selected.

Otherwise, if the result of determination is that the subcar-
riers used for transmission have been selected (YES in St33),
the subcarrier selection section 11 selects one or more sub-
carriers for which the remainder R of the transmission capaci-
ties is minimized, as subcarriers for transmitting the FEC
code, from all the previous calculation results of the remain-
der R, and determines the selection (St34). At this point, other
subcarriers are selected as subcarriers for transmitting the
user data. After the processing of St34, the subcarrier selec-
tion section 11 completes the process.

In such a way, the subcarrier selection section 11 selects
subcarriers for transmitting the FEC code from the plurality
of subcarriers #1 to #n. In the example of FIG. 16, the sub-
carrier selection section 11 selects one or more subcarriers for
which the remainder R of the transmission capacities is mini-
mized when the FEC code is transmitted, among the plurality
of subcarriers #1 to #n. Accordingly, subcarriers are selected
as the subcarriers for transmitting the FEC code in such a way
as to achieve the highest transmission efficiency.

As described above, the plurality of subcarriers #1 to #n
differ from one another in transmission capacity, and either of
user data and an FEC code, which is an error correction code
for correcting the user data, is transmitted on each of the
plurality of subcarriers #1 to #n. The subcarrier selection
section 11 selects one or more subcarriers for transmitting the
FEC code from the plurality of subcarriers #1 to #n, in accor-
dance with the amount of data of the FEC and the transmis-
sion capacities respectively assigned to the plurality of sub-
carriers #1 to #n.

In the transmission control device 1 according to the
embodiment, transmission capacities are assigned to the plu-
rality of subcarriers #1 to #n, respectively. Unlike the WDM
scheme in which the transmission capacity of each wave-
length signal is fixed, the transmission capacities of the sub-
carriers #1 to #n differ. Additionally, the subcarrier selection
section 11 selects subcarriers in accordance with the amount
of data of the FEC code and the transmission capacities.
Accordingly, subcarriers for transmitting the FEC code may
be selected so that the unassigned portion of the transmission
capacities is as small as possible, depending on the amount of
data of the FEC code. This improves the transmission effi-
ciency.

Additionally, the transmission system according to the
embodiment includes the transmission control device 1 and
the transmission devices 2a and 25. The transmission devices
2a and 2b superimpose and transmit the user data and the FEC
code on the plurality of subcarriers #1 to #n in accordance
with the selection of the subcarrier selection section 11.
Accordingly, with the transmission system according to the
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embodiment, the same actions and effects as with the trans-
mission control device 1 are obtained.

Moreover, with a transmission method according to the
embodiment, one or more subcarriers for transmitting the
FEC code are selected from the plurality of subcarriers #1 to
#n having different transmission capacities, in accordance
with the amount of data of the FEC code and the assigned
transmission capacities. Each of the subcarriers #1 to #n is to
be used for transmitting either of user data and the FEC code
for correcting the user data. Then, in accordance with the
selection, the user data and the FEC code are superimposed
and transmitted on the plurality of subcarriers #1 to #n.
Accordingly, with the transmission method according to the
embodiment, the same actions and effects as with the trans-
mission control device 1 are obtained.

Although it is assumed in this embodiment that the amount
of data of the FEC code has a predetermined value, the
amount of data of the FEC is not limited to this and may be
determined depending on the transmission capacities of the
plurality of subcarriers #1 to #n. FIG. 17 is a block diagram
illustrating a functional configuration of the transmission
control device 1 according to another embodiment. In FIG.
17, the same configuration components as those in FIG. 12 are
denoted by the same reference characters, and the description
is omitted.

The transmission control device 1 includes the transmis-
sion capacity assignment section 10, the subcarrier selection
section 11, the storage unit 12, the communication processing
unit 13, aredundancy determination section 14, and the signal
control section 15. The redundancy determination section 14
determines the redundancy of the FEC code depending on the
transmission characteristics of the plurality of subcarriers #1
to #n. The transmission characteristics of the plurality of
subcarriers #1 to #n are acquired from the transmission char-
acteristics information 70 described above.

The redundancy of the FEC code is a parameter that affects
the error correction capability of the FEC code. Depending on
the redundancy of the FEC code, the ratio of the amount of
data of the FEC code to the amount of data of the user data is
determined, for example. That is, the redundancy determina-
tion section 14 determines the amount of data of the FEC code
depending on the transmission characteristics of the plurality
of subcarriers #1 to #n.

The redundancy determination section 14 stores the ratio
or the amount of data of the FEC code obtained on the basis of
the ratio, as redundancy information 73, in the storage unit 12.
The communication processing unit 13 sends the redundancy
information 73 in the storage unit 12 to the transmission
devices 2a and 2b.

In the transmission devices 2a and 2b, the redundancy
information 73 is set to the signal processing units 30 and 40,
respectively. Thereby, the error correction code generation
section 300 generates the FEC code having the data amount
depending on the redundancy information 73. In contrast, the
error correction section 406 performs an error correction
process in accordance with the redundancy information 73.
Note that the redundancy information 73 may be stored
through the communication processing units 33 and 44 in the
storage units 32 and 43, respectively.

The changes in the redundancy of the FEC code are made
in response to variations in the external environments of the
transmission system, for example. Examples of the variations
in the external environments include events having influence
on the transmission characteristics, such as temperature
changes and replacement of the optical fiber 9.

FIG. 18 illustrates the flow of a transmission method
according to this embodiment. In FIG. 18, St41 to St43, St46
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to St49, and St51 are the same as St1 to St7 and St9 in FIG. 13,
respectively, and therefore the description is omitted.

When the transmission characteristics information 70 is
generated (St43), then the redundancy determination section
14 reads the transmission characteristics information 70 from
the storage unit 12, and determines the redundancy of the
FEC code depending on the transmission characteristics of
the subcarriers #1 to #n (Std44). Thereby, the amount of data of
the FEC code is determined. Then, the redundancy determi-
nation section 14 generates the redundancy information 73
depending on the determined redundancy (St45). The gener-
ated redundancy information 73 is stored in the storage unit
12.

The communication processing unit 13 sends and sets the
transmission capacity assignment information 71 in the stor-
age unit 12, the subcarrier selection information 72, and the
redundancy information 73 in the transmission device 2a or
25b (St50). According to this embodiment, since the amount of
data of the FEC code is determined depending on the trans-
mission characteristics of subcarriers, the error correction
capability of the FEC code is appropriately adjusted. This
suppresses the data losses during transmission and so forth to
improve the transmission efficiency. Moreover, according to
this embodiment, subcarriers for transmitting the FEC code
are selected depending on the determined amount of data of
the FEC code and the transmission capacities, and therefore
the transmission efficiency improves as in the embodiment
described earlier.

Additionally, as described above, the transmission device
2a or 2b assigns transmission capacities depending on the
transmission characteristics to the plurality of subcarriers #1
to #n and superimposes and transmits the user data and the
FEC code on the plurality of subcarriers #1 to #n, in accor-
dance with the DMT scheme. Accordingly, it becomes pos-
sible to effectively utilize the frequency bands of the optical
modules (the optical-to-electrical conversion unit 41 and the
electrical-to-optical conversion unit 31) of the transmission
device 2a or 2b and to expand the transmission rate. For
example, it is theoretically possible to realize transmission at
a transmission rate more than 40 Gbit/s by using optical
modules of 10 Gbit/s.

The optical modules make up a large proportion of the
entire cost of the transmission device 2a or 2b. Accordingly,
achieving a high transmission rate by using optical modules
each having a low transmission rate is effective in terms of
cost. Note that while the transmission device 2a or 25 uses the
optical fiber 9 as the transmission path, the transmission path
is not limited to this and metal (metal line) may be used as in
an asymmetric digital subscriber line (ADSL).

While the transmission control device 1 is provided inde-
pendently of the transmission device 2a or 25 in the embodi-
ments described hereinbefore, the transmission control
device 1 is not limited to this and may be included in the
transmission device 2a or 2b. In this case, the transmission
control device 1 may perform intra-device communication
with the sending unit 3 and the receiving unit 4 in the trans-
mission device 2a or 26 to which the transmission device 1 is
included, by using a wiring board and so on, for example, and
perform communication with the sending unit 3 and the
receiving unit 4 in the other transmission device 26 or 2a
through the optical fiber 9.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
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specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiments of the
present invention have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What is claimed is:

1. A transmission control device, comprising:

a subcarrier selector configured to:

select one or more subcarriers for transmitting an error
correction code for correcting data and select one or
more subcarriers different from the subcarriers
selected for the error correction code to transmit the
data, from a plurality of subcarriers having different
transmission capacities,

the selecting of the subcarriers performed in accordance
with an amount of data of the error correction code
and transmission capacities assigned to the plurality
of subcarriers.

2. The transmission control device according to claim 1,
wherein the subcarrier selector selects one or more subcarri-
ers for which a remainder of transmission capacities of the
assigned transmission capacities is smaller than a given value
when the error correction code is transmitted, among the
plurality of subcarriers.

3. The transmission control device according to claim 2,
wherein if one or more subcarriers for which the remainder of
the transmission capacities is smaller than the given value
when the error correction code is transmitted do not exist, one
or more subcarriers for which the remainder of the transmis-
sion capacities is minimized when the error correction code is
transmitted are selected among the plurality of subcarriers.

4. The transmission control device according to claim 1,
wherein one or more subcarriers for which a remainder of
transmission capacities of the assigned transmission capaci-
ties is minimized when the error correction code is transmit-
ted are selected among the plurality of subcarriers.

5. The transmission control device according to claim 1,
further comprising a determiner configured to determine the
amount of data of the error correction code depending on
transmission characteristics of the plurality of subcarriers.

6. The transmission control device according to claim 1,
wherein the transmission capacities are respectively assigned
to the plurality of subcarriers depending on transmission
characteristics of the plurality of subcarriers.

7. A transmission system, comprising:

atransmission control device including a subcarrier selec-

tor configured to:

select one or more subcarriers for transmitting an error
correction code for correcting data and select one or
more subcarriers different from the subcarriers
selected for the error correction code to transmit the
data, from a plurality of subcarriers having different
transmission capacities,
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the selecting of the subcarriers performed in accordance
with an amount of data of the error correction code
and transmission capacities assigned to the plurality
of subcarriers; and

atransmission device configured to superimpose and trans-

mit the data and the error correction code on the plurality
of subcarriers, in accordance with selection performed
by the subcarrier selector.

8. A transmission method, comprising:

selecting one or more subcarriers for transmitting an error

correction code for correcting data and select one or

more subcarriers different from the subcarriers selected

for the error correction code to transmit the data, from a

plurality of subcarriers having different transmission

capacities,

the selecting of the subcarriers performed in accordance
with an amount of data of the error correction code
and transmission capacities assigned to the plurality
of subcarriers; and

superimposing and transmitting the data and the error cor-

rection code on the plurality of subcarriers in accordance
with the selecting.

9. The transmission method according to claim 8, wherein,
in the selecting of one or more subcarriers for transmitting the
error correction code, one or more subcarriers for which a
remainder of transmission capacities of the assigned trans-
mission capacities is smaller than a given value when the error
correction code is transmitted are selected among the plural-
ity of subcarriers.

10. The transmission method according to claim 9,
wherein, in the selecting of one or more subcarriers for trans-
mitting the error correction code, if one or more subcarriers
for which the remainder of the transmission capacities is
smaller than the given value when the error correction code is
transmitted do not exist, one or more subcarriers for which the
remainder of the transmission capacities is minimized when
the error correction code is transmitted are selected among
the plurality of subcarriers.

11. The transmission method according to claim 8,
wherein, in the selecting of one or more subcarriers for trans-
mitting the error correction code, one or more subcarriers for
which a remainder of transmission capacities of the assigned
transmission capacities is minimized when the error correc-
tion code is transmitted are selected among the plurality of
subcarriers.

12. The transmission method according to claim 8, wherein
the amount of data of the error correction code is determined
depending on transmission characteristics of the plurality of
subcarriers.

13. The transmission method according to claim 8,
wherein, in assignment of the transmission capacities to the
plurality of subcarriers, the transmission capacities are
respectively assigned to the plurality of subcarriers depend-
ing on transmission characteristics of the plurality of subcar-
riers.



